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There has been significant recent interest in comb generation methods based on high quality factor (Q) microresonators due to simplicity, small size, and compatibility with batch fabrication at low cost [1] [2] [3] [4] [5] [6] [7] . Different routes to comb formation are studied theoretically and experimentally in [5] [6] [7] . Most studies emphasize the frequency uniformity of the comb; time domain studies are relatively limited [5, 6] . Combs formed as a cascade of sidebands spaced by a single free spectral range (FSR) that spread from the pump (Type I comb) exhibit high coherence. However, combs where the initial sidebands are spaced by multiple FSRs that then fill in to give combs with single FSR (Type II combs) show reduced coherence Here we study the properties of Type II combs, by investigating the time domain behaviors of a few subfamilies of frequency lines selected by a pulse shaper. We observe different coherent properties for different groups of comb lines.
We use a silicon nitride ring resonator with 100-µm outer radius, 2-µm width and 550-nm thickness for the frequency comb generation as shown in Fig. 1a . Light is coupled into/out of the resonator via an on-chip waveguide with 1 µm width and 800 nm ring-waveguide gap. The two ends of the waveguide are inversely tapered to 100 nm for low loss waveguide-fiber coupling. Single mode optical fibers are placed in the V-grooves as shown in Fig. 1d and aligned with the waveguides, with coupling losses per facet of ≈ 1.5 dB achieved for lensed fibers. The intrinsic Q of the resonator is estimated to be 3.0x10 6 . The average free spectral range (FSR) for the series of high-Q modes is measured to be ≈ 1.85 nm.
Strong CW pumping light (estimated to be 27.6 dBm into the accessing waveguide) is launched into an optical mode at around 1551.6 nm. The generated frequency comb is sent to a line-by-line pulse shaper, which both assists in spectral phase characterization and enables pulse compression [6] . By slowly tuning the wavelength of the pump light from blue to red side, we first observed an optical frequency comb with spectral lines spaced by 3 FSR; then the spectral lines in between fill in to form a comb with one FSR spacing. Fig. 1b and 1c show the spectrum of the 3 FSR spacing comb after equalization by the pulse shaper and the corresponding autocorrelation traces before and after phase EPJ Web of Conferences correction. In Fig 1c, the blue and red lines are the autocorrelation traces before and after phase correction, while the black line is the calculated autocorrelation trace for the spectrum shown in Fig  1b with flat spectral phase. The measured autocorrelation trace after phase correction matches well with the calculated one, indicating high coherence . Fig 1e and 1f show the spectrum and the autocorrelation traces of the corresponding 1 FSR comb. The larger difference of the measured autocorrelation trace from the calculated one (in particular, the loss of autocorrelation contrast) indicates reduced coherence for this Type II comb. To better understand the reduced coherence of a Type II comb, we use a pulse shaper to select subfamilies of comb lines from the spectrum shown in Fig. 1e , with 3 FSR comb spacing each, while keeping the initial phase profile the same as in the previous phase correction experiments in Fig. 1f . These selected spectra and corresponding autocorrelation traces are shown in Fig 2. Fig 2a and 2b show the result of the family of the comb lines corresponding to Fig 1b, for which the pump laser coincides with one of the lines. The very close agreement between experimental and ideal autocorrelations shows that high coherence is maintained for this subfamily of lines. Fig 2 c-d show the results of another family of 3 FSR lines shifted from the pump. The autocorrelation background and the mismatch between calculated and experimental autocorrelations increase significantly. These data show that different groups of lines in a Type II comb may have different coherence.
In another experiment, we explore the coherence of groups of three lines. The pulse shaper selects three lines from the comb of Fig. 1e and varies the relative phase ∆Φ of the shortest wavelength line, while setting the phases of the other two lines to zero. As in [5] , we observe the transition between constructive and destructive interference as we vary ∆Φ. Figure 3 shows the results. The left column shows the autocorrelation traces where ∆Φ is zero (red) and π (blue), the right column shows the visibility data. In both cases simulated results corresponding to full coherence are shown in black. A group of lines including the pump frequency (top row) shows strong dependence on ∆Φ, hence high temporal coherence; while a group of 3 lines shifted from the pump (bottom row) show little dependence on ∆Φ, hence low coherence.
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XVIIIth International Conference on Ultrafast Phenomena Our data reveal a striking variation in the degree of mutual coherence exhibited for different groups of lines selected out of the full, partially coherent comb. The structure observed in this and other measurements [8] of the mutual coherence provide evidence consistent with a simple model of partially coherent comb formation based on imperfect frequency division.
